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FOREWORD

This is the fourth annual report of activities of the Toxic Hazards
Research Unit Laboratory and concerns work performed by SysteMed
Corporation on behalf of the Air Force under Contract No. F33615-67-C-1025.
This contract originally held by Aerojet-General Corporation was assumed
by SysteMed Corporation on 1 December 1968, There was no change in the
management or persorinel of the THRU Laboratory related to the change in

companies. This report describes the accomplishments of the THRU from
September 1967 through May 1968.

The contract for operation of the laboratory was initiated in 1963
under Projcct 6302 "Toxic Hazards of Propellants and Materials, " and Task
No. 630201, "Toxicology.™ K. C. Back, Ph.D., Chief of the Toxicology

Branch, is the technical contract monitor for the 6570th Aerospace Medical
Research Laboratories.

E. ]J. Fairchild Il, Ph.D. of Aerojet-General Corporation, served as
principal investigator and Laboratory Director until October 1967, at which
time this responsibility was reassumed by J. D. MacEwen, Ph.D. Acknowl-
edgement is made to C. E. Johnson, C. C. Haun, G. L. Fogle, G. F. Egan
and J. H. Archibald for their contributions and assistance in the preparation
of this report. The National Aeronautics and Space Administration provided
support for the Apollo Materials Toxicity Screening Program.

This report is designated as SysteMed Corporation Report No. W-68001%.

This technical report has been reviewed and is approved.

WAYNE H. McCANDLESS
Technical Director
Biomedical Laboratory

Aerospace Medical Reseacch Laborarories

ABSTRACT

The activities of the Toxic Hazards Rcscarc}y Unit A(THI.{U) for the e
period of September 1967 through May 19()8 arc rev3cwcd in this r)epor‘t.h n e
cxperimental rescarch program was partially gunan]cd during the fl)r::[l ha f
of this period whilc major modifications to the mom_as Domgs of 4[h'(.fA qm_c
FFacility were being completed. The dome modifications, primarily or‘xfr.\
proved fire safety protection, were required to be complete before §-)§pcr;
mentation in oxygen enriched environments c‘0u1d be _rcsumed. Add};\gna
facilities for toxicity screening of space cabin maten'als were plfscc in o
scrvice and the evaluation of materials bas been contlnu_ed with l‘l[lfle cvlg;ncc
of toxicity exhibited by their gas-off products. On.e cabin matenal, carboxy
nitroso rubber (CNR), did exhibit toxic manifcstanon; and its acute toxic
cffects were investigated in depth. The CNR pyrolysis products forrnetlé![
300 C were found to be highly roxic and any human exposure to thesc pr ducts
should be guarded against. Acutce toxicity experiments on monc_)m'ethylh)c!j.r)azmc
and nitrogen trifluoride, including MMH cmergency tlerance gxml‘ts s‘tu xchs‘
were conducted in the Ambicnt Facilities of the THRU. Invest»tg'atmns ‘un the
use¢ of sham c¢xposed dome controls and techniques for deterrniining urgan 1o
body weight ratios are reported.
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SECTION 1
INTRODUCTION

The Toxic Hazards Rescarch Unit (THRU) provides toxicnlogic inves-
tigations of potentially hazardous materials to the Air Force. Thesc investi-
gations, conducted by SysteMed Corporation personned, are designed to
characterize the acute or chronic toxic effects of materials to which miditary
or civilian personnel may be accidenally or unavoidably ¢xposed. Considerable
rescarch is also conducted to define the woxicological hazards of space flight
and to cstablish safe cnvironmental standards for such flights. The toxicologic
rescarch of mannced spacce flight problems is concerncd with defining the risk
of breathing trace air contaminants resulting from outgassing of ageats in-
corporated in cabin construction materials and of chemicals used for propul-
ston and lif¢ support systems.  This research is conducted on scveral specics
of laboratory animals under coaditions which simulate space flight as closely
as possible, with the ¢xception of radiation and weightlessness.

The research operations of the THRU, conducted by SvsteMed
Corporation pcrsonnel, are supported by the Veterinary Medicine Division
and the Toxic Hazards Division of the Acrospace Medical Rescarch Lahoratorics.
These support services include veterinary medical care, nrocurement of
laboratory animals, and both cligical and anatomical patholngy ¢xaminations
of animal tissucs.

The continuing rescarch programs of the THRU involving the inter -
isciplinary approach of the inhalation toxicology team (analytical chemrsery,
medical technology, pathology, caginceniag and bislogical scicnces) are con-
ducted i a group of Jaboratories surrcunding the animal exposure facilitics.
These facilities are three types of asimal ¢xposure chambers, cach perform-
ing a suparate specialized function. Preconditioning chimpers are used o
mopare and stabilize animals in a controlied cavironment,  Rochester and
Fongley chambers are used for exposing anunals to atmospheric contaminants
under ambicnt conditions of prussure and air composition. A group of four
specially dessgaed alutude chambers (designated hervafter as Thomas Domes)
arc utilized for similarly ¢xposing animals to atmosphoric compositions of
LOOS, oxygen or varying mixtures of oxygen and nitrogon at pressures ranging
from ambicat to as low as 5 psia (1/3 atmosphere). More detailed discussion

on the design and operation of the THRU facility 1s published in ref, rences 3,
7, B, and 14.




This report summarizes research accomplishmerts from September
1967 through May 1968. It includes a discussion of facility modifications
and special equipment needed to meet changing experimental requirements
and, more specifically, the rigorous firc safety requirements established by
the Aerospace Medical Division. During the first threc months of the report-
ing period, animal experimentation was conducted at a reduced level while
maximum effort was expended to complete fire safety modifications, develop
new standard and cmergency operation procedures, and conduct training
programs on the revised procedures for the research staff. The first Thomas
Dome was reactivated on 21 Decemter 1967. Experimentation in the remainder
of the facility was phased-in over a six-week periwd, after which the THRU
was back au the operational level which preceded the emergency curtailment
of experiments 10 oxvgen enriched environments following the tragic ﬁrcg 9f
Apollo 1 and the revearch chamber at the USAF School of Acrospace Medicine.
This report also describes various facility cxperimental and operational
problems and the status of experiments in progress a= of 1 June 1968.

SECTION 1
FACILITIES

GIUNERAL

Many of the various activities of the THRU, while important to the
successful pursuit of the primary mission of the unit, are not of sufficient
magnitude to merit scparate technical reports.  These activities will be
reviewed under the general heading of “Facilities” and include the develop-
ment or adaptation of computer programs, special projects in analytical
chemistry, personnel training programs and special engineering modifica-
tions to the rescarch facilitics. A previous annual report (reference 3)
presented preliminary discussions and proposed schematic diagrams of a
number of equipment modifications that were completed during the current
report period, thercfore, the schematic drawings included in this report
cover only those alterations made in the interim period.

COMPUTER PROGRAM SLRVICES

Computerized data reduction and analysis programs have been used
with increasing frequency during the past year.  The BMLD computer program
lihrary developed by the School of Medicine at UCL.A has been drawn upon
extensively. This oxcetlent service of biomedical computer programs re-
quires minor modification to fit the data output of the THRU.  These modifi~
vations arc accomplished mainly by the development of subroutine programs
for variations in data sizc or type.

The BMD programs are classified into six categories reflecting six
topical statistical concepts.  The suffix of the program number corresponds
to e of these categories.  The categories are labeled as follows:

(i) Class 1) - "General Description and Tabularion, ' 11 programs
(ii) Class 3! - "Multivariate Analysis,” 7 programs

(iii)  Class R - "Regression Analysis,” 6 programs

(iv) Class § - "Spucial Programs, " 10 programs

) Class T - "Time Series Analysiz,” 2 programs

(vi) Class V - "Analysis of the Variance,” 8 programs

Several of the forty-four programs such as certain members of Class V
have been found useful although many will not be amenable to the biological
data developed in our rescarch operations.  The programs which have already
been used or which have been adopted for our use are described by their BMD
classification numbers. These programs arc compatible wirh the computer
cguipment available.




Class 1), (BMDOLD): "Simple Data Description”

Of the 11 programs in this class, BMDOLD only has been used. This
program tabulates the arithmetic mean, standard deviation, and standard
error of the mean for an enormous number of variables (1000) allowing up to
99, 999 cases for vach. Therc exists the provision to select 17 transgenerations
of the input data. In addition, the program will scan each variable and select
the maximum and minimum value. For the remaining programs in Class D,
scveral features are added to the capability of BMDO1D especially the sorting,
counting and general classification of a given variable into subsets. Some of
these programs compile frequency tables (histograms) and sketch graphs.
The cornputation of a correlation coefficient is a feature of several. In all,
several of the programs in Class D will propably be used in the near future.

Class M, (BMDO2M): "Regression on Principal Components”

This program computes the principal components of standardized data
and rvanks, descemdingly, each standardized case by the relative size of the
principal componcnts. The method of principal components is one wherein
linear functions over the random variables are constructed with cach function
having variance properties. The functions associated with the larger variance
components constitute the functions of interest. The variables involved in
these functions lead usually to the variables of importance, i.e., those worth
studying cxtensively.  Such an approach offers one a good exploratory tool;
because a study might involve many independent variables which, if studied in
one sequence, would be confusing and/or computationally prohibitive. The
variables associated with negligible variances are deleted from the study, and
a regression analysis is conducted upon the remaining variables.

Class R, (BMDOSR): “Polynomial Regression”

This program is often uscd when the relationship between two variables
ts nonlincar.  An example would be moderate departurcs from linearity such
as a curved line describable by a second-degree polynomial. However, when-
cver there is doubt as to the degree of polynomial needed to describe the
rclationship, the program allows successive approximations to the cmpirical
curve ranging from a first degree (lincar) polynomial up to a tenth degree
polynomial.

Class S, (BMDO03S): "Biological Assay; Probit Analysis”

This program determines LDy values and the reciprocal of the slope
coefficient for quantal response data. In addition, the fit of the regression
line relating probit to dusage is tested.  The program allows ten transgencra-
tion routincs, although the logarithmic transformation is almost universally
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used in such problems. Some additional information has been added to (hfc
program to obtain confidence limits for the LD value; however, whct) using
any transgeneration routine, the transformation to the scalc of the original
variable must be performed manually.

Class V, (BMDOLV): “Analysis of Variance for One-Way Design’

This is the simplest form of variance analysis in which a single factor
is analyzed. The program permits an unbalanced design allowing a sizablc
number of replications for cach ccll. Ten transgencration codes are allowed.
The output includes only the cell mean and the analysis of the varian:c table.

Class V, (BMD04V): "Analysis of Covariance with Multiple Covariates™

This program has been used extensively both for the purpose of study
ing the covariance relationship and for the output that this program yiclds,
i.e., sum of squares, sum of products, and cell means. This tally is neatly
arranged in an output scction which allows casy construction of other mean-
ingful results. Also, one may easily partition a set of data into subscts and
obtain this same basic information for each subsct mercly by addressing a
single sample size card to reflect this aim. The data output includes an
analysis of the covariance toble.

Class V, (BMDOGV): "General Linear flypothesis with Contrasts”

This test allows onc to structurc any testable lincar hypothests desired.
Basically, the program utilizes the regression analysis model which can be set
cquivalent to an analysis of the variance (ANOV) model in the case where three
conditions hold: (1)uncorrelated residuals, (2) constant variance, and (3)
zero mean. The regression model can be expanded to include 59 covarniates;
hence, the model implics a “general lincar model” capable of supporting any
general testable lineer hypothesis over the parameters of the model. A
feature of this program is that the hypothesis sum of squares is determined
scquentially from cach comparison (contrast) involv. d in the hypothesis, i.c.,
the hypothesis sum of squar s is developed in a stepwise fashion,  Hence, any
hypothesis of greater than one degree of freedom must be constructed manually
by adding the sum of squares of the respective mutually orthogonal comparisons,
In essence, this usually results in a quite small amount of additional manual
calculation.

Class V, (BMDO8V): “Analysis of the Variance ™

This program allows investigation of halanced designs only, however,
given this fecature, the program allows any combination of the following fea
wres to be incorporated into the design: factorial arrangements, nested
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arrangements, and replicated measures. The latter feature permits the
study of Kth order interactions. This is a comprehensive program; but,
halanced designs are rarely applicable in biological studies.

The programs cited above are available at present and, as such, will
likely handle most of the problemns occurring ar this (THRU) facility. As
mentioned hefore, the programs available in Class M could open a relatively
new type of investigarion to be added to the present mode of investigation,
t.e., add exploratory methods to the more comprehensive methods in present
usage. Each program allows an assoriment of transgeneration routines plus
various other refinements. In many cases, a given amount of information may
be obtained w a varviety of ways using one of several programs even though one
micthod is more appropriate to the given situation,

ANALYTICAL. CHEMISTRY PROGRAMS

The primary function of the Analytical Chemistry Department of the
THRU is to perform the routine tasks of monitoring animal exposure chamber
contaminant concentrations, thus assuring the uniformity and rcliability of
controlled experiments necessary for meaningful interpretation of the measured
hiological responses. Preceding the regular analysis of chamber environments
is the more challenging task of developing or modifying methods for the analysis
of the contaminant to be tested.  The ultimate goal of method selection or
do velopment in the THRU is continuous automatic monitoring.

Many analytical projects, although equally important, do not dircctly
relate to the toxicological research in progress.  These prujects have to do
with such things as the identification of pyrolysis products of potential space
cabin materials, If the toxicity of the pyrolvsis products is uncertain or un-
kn.wn, the effort may then relate directly o the planning of toxicology rescarch.
These projects are discussed in this report.

Dichloradifluoromethane

Dichloraditftuoromethane (CCLe F5 ), a well-known refrigerant gas, was
umder consideration for use as a space cabin fire extinguishant material.
Sice other halogenated avdrocarbons, particularly trichlorethvlene (reference
12), have been shown ro break down in life support systems with formation of
more toxic ¢nd products, 1t was necessary to determine the fate of dichloro-
drfluoromethane when passed through a lithium hydroxide bed in the presence
of moisture.  An experimental apparatus was designed to accomplish this
study.  The apparatus consisted of a stainless steel vacuum chamber, a pump.
and a lithium hydroxide canister in a closed Jors.  The chamber opcrating
conditions for the experiment were 506, relative humidity, 98% O, 5 psia
pressure, and 2%, Jdichloredifluoromethane.  This mixture was continuously
cireulated through the closed loop system for 48 hours. Samples of the gas
mixture were removed periodically for analysis by gas chromatography.

6

A methad developed for the quantitative analysis of dichlorudifluoro-
methane was capable of detecting as little as 2.5 ppb of this material in air
as a lower limit. The technique, utilizing molecular sieve gas chromatography
and electron capture detection, made use of conditions specifically designed 10
deteet compounds both more volatile and less volatile than the test compound.
Thus, if degradation to give compounds such as carbonyl fluoride or polymer-
ization to give long chain fluorinated hydrocarbons took place, they should have
been detectable,  If the scasitivity to the products were similar to that of
dichlorodifluoromethane, detection of degradation or reaction of the material
to the extent of 0.1 ppm should have been possible.

Analysis of the atmosphere after 48 hours of operation, equivalent to
3000 cvcles through the lithium hydroxide, revealed no peaks except that of
the test fluorocarbon.  Additionally, a portion of the lithium hydroxide bed
was removed, dissolved in water, neutralized and ananvzed for fluoride ion by
means of an Orion fluoride clectrode. The amount of fluoride determined by
this method id not exceed the blank for unused lithium hydroxide. Thus,
since neither volatile nor nonvolatile reaction products of dichlorodifluoro-
methane were discovered after recirculating in a dry, and 509 RH, 100%
oxygen atmosphere dichlorodifluoromethane is apparenily stable under the
condttions of the cxperinwent.

Nitrogen Tetrafluoride (Tetrafluorohydrazine)

Among a group of propollant oxidizer marcrials to be subjected to
toxicological investigation was nitrogen tetrafluoride (N: F,) which was sub-
sequently removed from consideration duc to a low inw rest priority.  Prior
to this time, considerable cffort had been cxpended to develop  an analytical
method to determine Nz Fa independent of any possible breakdown products or
wanufacturing impuritics of this highly reactive compound.

Gas chromatography was studicd as a possible means of monitoring

N-I'3 concentrations in inhalation toxicology experiments. The analysis of
NeF4 1s complicated not only by requiring a method capable of determining
the presence of impurities bt also by the formation of breakdown products of
the N ¥y, There was cvidence (reference 4) that N: iy decomposed through
an intermediate NOF, 10 NOz and HF in moist air. The complexity and cor-
rosive properties of this martcrial could not be handled by a nondispersive
infrared analyzer or any other available continuous monitoring technique.

The first attempts to use gas chromatngraphy in the analvsis of pro-
pellant grade No ¥, were inconclusive.  No chromatographic peak that could
be idengified as Nz F4 cluted from a silica gel column which had been pre-
viously used in the assay of this material. Whether this was due to large
amounts of impurities, complete adsorption by the column, or decomposition
was not clear. The approach taken was to use a voluma packed with the most
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incrt column packing available. The column packing material selected was
40-60 mesh beads of Chromosorb T* coated with FC-43*, FC-43 is a fluo-
rinated amine which possesses better coating properties than Kel F* oil and
which might provide better separation of the N3 F4 mixture. In order to
minimize the cffect of impurities, rescarch grade NaF. was used in all sub-
sequent methodological investigations.

Sincc water vapor is known to catalyze the conversion of Nz F, to NOa,
a drying system was incorporated into the dynamic oxidizer dilution manifold.
‘The diluent gas passed through an apparatus consisting of a preliminary dry-
ing cartridge containing molecular sicve and a copper coil immersed in a dry
ice bath. This rcduced the water vapor concentration to about 1 ppm or
0.003% RH. The system was regenerated by heating the cartridge with
nichrome rusistance wire while purging with dry gas.

The NoFa was transported to the chromatograph through 1/4-inch
stainless steel lines which were part of a nitrogen-NoF, dilution facility and
through a 1.0 cc samnple loop at the chromatograph. Before sampling of NaFy
was begun, these lines were purged with nitrogen. As the nitrogen eluted
from the system, it was checked by infrared spectrometry. This technique
disclosed rhat the lines had been heavily contaminated with nitrogen tetroxide
from previous test runs. After all contamination had been removed from the
lines by the nitrogen {'ushing, several gas chromatograms of nitrogen were
recorded. The peak height was adjusted to a maximum on-scale reading by
attenuating the power te the detector, after which no further instrumental
adjustments were made.  Several nitrogen peaks were recorded, to serve as
reference standards, then NoFa was introduced into the carricr gas flow
streasa. The height of the nitrogen peaks thereafter was closcly observed.

In addition to the peak for nitrogen, another peak appearcd. The sum of the
areas under the two pcaks indicated that essentially all of the sample was clut-
ing and, from the size of the second peak, that it probably was duc 1o NoF,.
Several samplings were recorded for different concentrations of Nz Fain Na
and a graph of the Np versus Nz F, peak arcas -vas prepared.  From the graph,
we were able to estimate that no more than 79 of the sample was tied up in the
columa packing mat.rial and did not clute from the chromatograph. It also
appeared that the chromatographic dctector sensitivity was somewhat greater
for NgF4 than for Nz, hut with only two peaks cluting, any impuritics were
being masked. Efforts were made to improve the resolution characteristics
of rivis column by longer conditioning periods and by cooling the column con-
siderably below the ambieat temperature first used. The columa initially
showed good scparative cfficiency which, however, slowly deteriorated with
continued use. Apparently the FC-43 was sufficiently volatile to bleed off
slowly from the packing material, which meant that to use this technique for
Nz Fo monitoring would require frequent calibration and replacement of
columns.

*Trade Name

Many different column lengths, packing materials and coatings were
investigated. We finally determined that best scparation with the least loss
by absorption of Nal’s was achieved by using a 5-foot-long column packed
with uncoated Porasit A* and subsequent work was conducted with this column.

Attempts were made to improve the analytical sensitivity of the gas
chromatograph for N2Fa. Normally, doubling the power input to a thermal
conductivity hot wire detector will increase the sensitivity cight fold. We
had, however, switched from a standard wungsten detector to 2 special cor-
rosion resistant nicke] detector with an operating range of 250 to 350 milli-
amperes recommended by the manufacturer.  While explorimg the cffect of
various detector power levels on sensitivity, we dotermined that current
levels above 200 milliamperes caused a decreasc in sensitivity, and at 250
milliamperes we observed an inversion of the NZT's chrumatographic peak
which could not be interpreted quantitatively.  The obscrved negative pezak
indicated that NaF4 was producing a cooling cffect on the sample side of the
dctector.  This cffect may have resulted from thermally induced dissociation
of NaF4 into free radicals such as:

NzFs—»2 . NF2

‘The detector power range found suitable for measurement of NzF4 was 70 1o
150 milliamperes.

The chromatogram shown in figure I was produced while using the
sclected column and detector conditions described for the gas chromatography.
of propellant grade NaFa. The NaFa was diluted with nitrogen rather than
air to prevent degradation.  Four peaks werce «luted from the column under
these test conditions.  These peaks were subsequently introduced into the
mass spectrometer for further identification. Peak #1 is the Ne used in the
test gas mixture, Peak 82 contains NFa and CF., and peak #3 contains CzFs.
The remaining peak, #4 contains both N2f75 and SFs. While using a column
packed with molecular sieve 5A, we identified another impurity, CaFe, of the
propellant grade NaF,. Occasionally, a peak identified as nitric oxide, (NQ)
was cluted from the column.  Its erratic occurrence may have been due to
oxidation to N2Oa during sample introduction.

Mass spectrometry and infrared spectrophotometry were utilized con-
currently in the analytical rescarch on NaF4 degradation in air. Table [ lists
the mass spectra of rescarch grade and propellant grade NoF4 introduced into
the batch inlet system and cxpanded into the mass spectrometer. The im-
purities in the research grade material are insignificant when compared with
the propellant grade N2 F,. Present in significant concentrations in the pro-
pellant grade oxidizer arc peaks due to NO, N:O, IiF, NFs, SFe and CoFe.

*{'radc Name
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Table |

Mass Spectra of NaF,, Unreacted and Chromatographed

H Lol 4
9 S Propellant Grade
i 1 i Rescarch Grade Propuitant Grade Chromatographed
i ol f Nz Nal Naf's
Mass Redarive Relative Redative
;X * Number Asstgnment Abundance _Abundance _ Abandance
! 7
| 1 1 14 N© %04 [
! 2 16 ot 1.65
! 6 3 iR Ha0" 319 211 5.4
! b i 19 e 1.13 1.4 1.7
: é 54 5 20 T 1.73 13,2 6.1
Y ~ 27 1.83
- . 2% Na* 731 (S 0.5
&ff 4 > 29 1.54
Wi u 30 NU* 1.23 49,3
i wi 3 10 32 0t 24.4 6.6
2] ¥ 33 NEY 100.0 AT 4 s1.2
3 3 12 34 2.27
g 24 13 40 2.27
[} 44 N O 1.85 0.7
s 2 A 47 NobT 3.19 21" 13.6
: 1 1 e Ni 2" 781 1000 100.0
i . =3 L. 96
i 0 s 64 CF e NT 2.5
t v 66 Nkt 1.65 26.2 4.7
f H Y M — v v o a9 aF.r 63.0 5.3
: 1 2 3 4 5 6 7 8 i o1 M 3.7
22 83 Nk ? 1.75 a4 4.3
TIME , MINUTES 23 104 N FaF 204
——me—— 24 L CEACPST 20.3
23 127 SEe L0

Figure 1. Gas Chromatogram of Propeliant Grade N;F,
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Included in table 1 for comparison is the spectrum of propellant grade NzF,
which had been chromatographed directly into the mass spectrometer and
which is similar to the spectrum of research grade NaFe.

Infrared spectrophotometry of the oxidizers largely confirmed the con-
clusions drawn from gas chromatography and mass spectrometry concerning
the impuritics in propellant grade NaF,. Figure 2(b) is an IR spectrum of
the research grade oxidizer and matches the spectrum of pure NxF4 as seen
in the literature., Figure 2(a), obtained froimn the propellant grade material,
shows peaks which can be assigned as in table 1I.

Propellant Grade N2F4
T
3 0.0

o.f

Table 11

infrared Identification of Propellant Grade NoF4 Impurities

Ly
ii
= 0.5
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Absorbance

Peak Wavelength Microns Assignment

Cls
CaFe
CaFa
5Fs
NFs

23455789!0”!2!3!4!5
Wavelength, Microns
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No infrared evidence of NO, N;O, or CaFa was obtained, but NO and
Nz O have poor infrared sensitivity and require relatively large concentrations
for detection by this technique. CaFe, if present, would have an absorption

spectrum quite similar to CzFs and might, therefore, be hidden, Research Grade NaF,

0.0
Ny N NN o

An infrared study of the degradation of NaF4 in air was undertaken and
is illustrated in figure 3. The sequence of spectra confirm the course of re-
action elucidated by Dost et al (reference 4). Figure 3(a) is the pure NoF,
spectrum before addition of air. Figure 3(b) is the spectrum 8 minutes after
the addition of air and is essentially a spectrum of NOF with a small amount
of N2O,. Ir figure 3(c), 24 minutes after air addition, the concentration of
NOF has decreased and that of NaOs increased.  In addition, new peaks at
3.5 microas and 5.8 and 5.9 microns indicate the possible production of HF A
and NOC] (possibly from reaction of NOF with the cell windows). In the last -
spectrum, figure 3(d), 60 minutes aftcr air addition, NOF has almost com- S — 1.0
pletely disappeared, the cell containing mostly NaOs and possibly HF and NOCL. E 2 3 4 5 6 7 8 9 © U 2 3 14 s

The same series of reactions apparently occurred with propcilant grade Wavelength, Microns
N3 Fa but at a much faster rate than with the research grade. For example, o (n)
it ook 60 minutes for complete conversion of research grade NoFoto NaOs;
whereas the samc conversion took place in about five minutes with propellant
grade, although the degradation time was quite variable and seemed to be sub-
ject to mauy influences. The presence of NO in the propellant grade NaF4 may
account for the inCrease in reaction rate with air, since it is known that the p Figure 2. IR
following reaction takes place readily in air: o gure 2. Spectra of Unreacted Research and Propellant Grade NoF,
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Figure 3. Decomposition of Research Grade N»F, in Room Air
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2NO + Oz ~= NzO,
Then N2Os + NaF4 —= 4NOF
And, as proposed by Dost et al (reference 4):
4NQF + 2H20 —= 2NO + Nz O, + 4HF
Thus, NO would be catalytic for the degradation of Nz F, in air.

The combined use of infrared spectrophotometry, mass spectrometry
and gas chromatography led to the successful characterization of the impurities
present in propellant grade NaF,. The course of NzT'4 degradation in air
clucidated by Dost was confirmed as:

NzF4 — NOF — N0,

This degradation occurred at a much faster rate with propellant grade NaFa
than with research grade, possibly duc to the presence of NO in the former
material. Efforts to develop a method for quantitative measurcment of low
Nz F4 concentrations were stopped when this material was reassigned a low
interest priority.

Carbon monoxide concentrations in the Thomas Dome were monitored
using a nondispuersive infrared analyzer with a measuring cell path length of
onc meter. Although this instrument was cquipped with a filter cell for the
climination of minor interfcrence by carbon dioxide and water vapor, the high
and variable levels of these vapors in the dome atmosphere necessitated that
they be removed before introduction inte the IR cell. Therefore, a chiller
system for condensation of water vapor and a canister of lithivm hydroxide for
carbon dioxide removal were installed in the sampling line.  With these ad-
ditions to the system, the improved analytical precision permitted close con-
trol of the carbon monoxide chamber concentration at both ambicnt and reducad
pressures,

The chamber contaminant introduction system for carbon monoxide in-
cluded a reaction chamber for the degradation of iron pentacarbony! when
individual supply cylinders of CO contained significant concentrations of this
contaminant. The possibility of contamination in stecl cylinder stored CO was
reported by Brief ot al (reference 2).  The reaction chamber consisted of a
3/8-inch copper wbe filled with copper shavings around which nichrome heat-
ing wire had been wrapped. The tube was heated to 400 C at which temperatur.
iron carbonyl decomposes to the metal and carbon moaoxide.  An analytical
method reported by Brief was adapted to monitor the concentration of CO in

15




cylinders used for animal vxposures. The cylinders were monitored at
weekly intervals until all available CO was consumed. The results of the
weckly monitoring showed that some increase of iron pentacarbonyl formation
occurred with decreasing pressure. At no time, however, did the concentra-
tien of iron puntacarbuayl in the cylinder exceed 10 ppm, a valuc which re-

[+ ®ents 8 maximum cxposure concentration of 0. G005 ppm and is well below
phystologically toxic levels.

ENGINEERING PROGRAMS

Growing ermphasis has been placed on the continued development and
improvement of preventive maintenance programs during the past year, and
some important modifications were undertaken. Much of the scheduied
routine preventive maintenance is performed by the shift engineerning technician
who also provides emergency maintenance. The success of this preventive
malatenance was noteworthy in attaining maximum dome utilization cxcept for
that period during which the required fire safety medifications were being
installed.

Fire Safety Modifications

A comprehensive review of the Thomas Domes was conducted by a
commitice appointed by the Acrospace Medical Division. This committee
compiled a series of recommended modifications for improved fire safety.
Compiiance with these recommendations was necessary to obtain approval for
the conduct of experimental operations in oxygen earichued atmospheres. Most
of the reeommuended changes were relatively minor and were accomplished
with minimum ¢ffort. The major requirement was for an automatic, quick-
acting fire sensing system to activate a water deluge system.  An automatic
gystem which exceeded the AMID requirements was designed and subsequently
installed in the Thomas Domes. The key component of the fire protection
gystem is the UV sensor, shown in figure 4, five of which are mounted in the
top of each dome and positioned to scan the entire surface of the dome floor,
A sixth UV scasor ts mounted in the airlock of each dome.  'The sensors were
required o respond 1o the detection of flames within 0. 2 seconds by activat-
ing the water deluge system.  Under actual test conditions, the sensors have
responded to the flame from a paper maich located approximately 12 inches
above the dome floor. A signal from the UV sensor to a timed relay activates
a pair of solenoids in the pilot pressure line, as shown in figures 5 and 6, to
the water ring within the dome. The first solenoid shuts off the water supply
to the pilot pressurce line and the second opens a drain valve. The resultant
pressure drop vpens a valve in the individual sprinkler hcads and the dome -
fire is deluged with water.  Twenty -four sprinkler heads are mounted in two
circular rings, as shown in figure 7, in such a manner as to spray water in
every direction so that 2 fire could not continue to burn in isolated areas.
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At the end of twenty scconds, during which water has been spraying the dome
at the rate of 850 gallons per minute, the timed relay closes the pilot pres-
sure linc drain valve and reopens water pressure. This action immediately
closes the valve in the sprinkler heads, stopping water flow in the domes.
‘The relays in the system automatically reset within five seconds. The dome
airlock sensor, which operates independently from the dome above, follows
the same sequence of events.

Manual override valves have been installed both inside and outside of
the domes and airlocks as added safety precautions.  These override valves
directly relieve the pressure in the pilot line to activate the sprinkler heads
independently from the automatic controls and, thercfore, must also be turned
off manually to stop the water flow within the dome.

The fire protection sysicm master control panel, shown in figure 8,
is provided with key lock switches so that the system cannot accidentally be-
come activated. The automatic mode of operation is always used when THRU
personnel are inside the dome.  To minimize the possibility of accidental
activation when no dome entrant is piesent, the controls are locked in the
manual mode, The master control panel also actomaticatly peiforms several
related emergency functions when a fire is sensed.

During a fire, the following actions are accomplished: (1) automatic
isolation of dome gas flow and pressure valves, (2) cut-off of chamber power,
cxcluding lighting, (3) activation of the fire department call box, (4) activation
of the tuilding evacuation alarm, and (5) optional repressurization of the dome.,

The control modes, both automatic and manual, (scc block diagrams
in figure 9), now available for the operation of the Thomas Domes sprinkler
system are as follows:

A. Fire System Detection - Automatic Mode {Fire in Domes -
Dome Entrant)

Activares:

Dome Sprinkier System

Fire Department Call System

Building Evacuation Alarm

Isolation of Domes

Cut Off Dome Power (Excluding L.ighting)
Kepressurization of the Fire Dome (Optional)
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B. Fire System Detection - Manual Made (Fire in Domes
No Dome Entrant)

Activates:

f. Fire Department Call System

2. Building Evacuation Alarm

3. Isolation of Domes

4. Cut Off Domc Power (Excluding Lighting)
5.

Repressurization of the Fire Dome (Optional)

These mades of operation provide maximum protection for dome entry
due to the speed of response of the fire system, yet provide automatic detec-
tion of firc comlitions with man:ial activation of the water system when there
are no entrants present in the chamber. Operation in the latter moede prevents
the occurroence of accidental triggering of the wat r sprinkicr system with
concurrent loss of exnerimental data.  The fire department call system 1s
operative at the prosuar time due to construction work 1n progress for four
more Thomas Domes. When the construction work on the new building addi -
non 1s completed and the fire alarm is reinstalled, the two svsterns will he
tied together, and an cutbreak of fire in a dome will automatically alcrt the
fire department.

Haadles are fastened 1o two places on one window in cach oome, and
all clamps are reinoved when pressure in the dome is reduced.  The handies
are paintcd red to call aitention and to be readily visible. This modification
was provided to permit dome entrants to leave the dome quickly in an emer-
yency or to provide fast entry for personnel rescue action after repressuriza-
tion of the dome.

A careful review of standard and emergency operating procedures, as
also recommended by the AMD Safety Committee, resulted in extensive re-
visions to both scts of procedures. Major emphasis was placed on inciuding
a change duc to equipment additions and niodifications. The greatest ermphasis
was placed, however, ua simplification of all procedures, many of which had
become more complex during previous revisions.

The main alarm system for the Thomas Domes was madificd to provide
an Observer C call button.  This modification was made to mect a require-
ment of the revisud Standard Operating Procedures which specify that an
Observer C cither be present or readily available during any dome entry.
Observer C must also be present when the dome entrant is passing either in
or out of the airlock systemn. The call signal was provided by modifying the

main alarm system to sound a pulsing horn signal at the rate of 60 per minute.
The switch for activating the signal is a maintained contact toggle switch
located on the master control panel CP-Al.  This switch is to be activated by
Obscrver A to call Observer C and will remain activated uatil Observer C
deactivates it.

Onypen Distribution System

A scries of modifications, shown in figure 10, were made n the gas-
cous oxygen supply distribution system to permit don.c repairs and 0 stmplify
oxygen delivery to face -mask systems.  The original Oz supply system to the
dom- s consisted of one continuous pipeline.  In the event of malfunction or
defedtive equipment in any one dome, it was necessary to shutdown all domws
to vifect repairs,  Individual manual shutoff valve: wore mstalled in cach
domc line, cnabling any onc of the four systen.s 1o be isolated from the other
throeo.

Concurrent with the installation of shutoff valves, the prebreathing and
brathing oxygen systems for dome entrants were modificd.  The standard
A 14 O: regulators ia the domes, airlocks, and prebreathing room woere con-
nectod to the dome (. supply line, thus climinating the need for the breathing
0. manifold located o the basement.  This mudification climinated a numbuer
»f problems asseciated with obtaining cylinder supplics of oxygen in large
quantitics and transporting them to and from the usc arca.  As as emergency
tack ap system in ovent of failure of the main Oz supply. equipment was de-
signud and installed 1o provide automatic switchover to standby Oz cyliaders.
The emergency cybinders contain 400 cubic fect of gas oxygen, a sufficient
supply for the safe oxit of personnel from the domes shauld such action become
NCeSsary.

‘The pass-thru locks instalied in each dome are also being supplied
with 3. from the matn Oz supply system for purging purposes. Originally
the uxcks were supplied from the breathing Oz manifold system.

To permit safer clevation of the domce cap during an cmergency, auto-
matic disconnects have been installed in the two lines providing H20 and Oz
to the dome wop.  Originally, the H20 supply had a pressure type disconnect
and for the O, supply, a thin wall aluminsum wbe was used. Both of these
ity imparted a lateral motion to the dome cap when emergency lifting was
anempted.  The automatic disconnects installed are spring loaded, with the
weight of the dome top providing < 2aling for the Ha0 and Ca supplies. Double
shutoif type valves are used providing automatic closing of the supply lines
when the dome cap is lifted.
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Two-Speed Cranc

The overhead crane for lifting dome tops was originally designed for
high speed lifting for emergency purposes.  In actual operation the crane’s
high speed created problems in the routine raistag and lowering of the dome
top. Consequently, the unit was modified to permit two-spued operation,
retaining the emergency hoist rate of 18 feet per minate and adding 3 normal
operating rate of 4.5 feet per minute.

Automatic Control of Relative Humidity

The automatic humidity control system for the Thomas Domes atmo-
sphere, which was designed shortly before cessation of oxygen-rich cxpurs
mental cavironments carly in 1967, was installed and checked out first in
Dome 4. Due to the nature of control required in the Oz atmosphere and 5
psia conditions, it had been impractical to calibrate and adjust the system
until such environments could be used.  After adjustment of equipment to the
operating conditions, automatic control of the relative humidity has proven to
be very satisfactory, with variations in relative humidity averaging less than
plus or minus 5 percent.  Since the system proved satisfactory and practical,
1t was subsequently installed in the other three Thomas Domes.

The wet -bulb/dry-bulb temperature measuring probus are stataless
steel thermistor units.  All auxiliary equipment was fabricated in the THRU
shops. The supply and signal connection lines to the probes are eaclused in
stainless steel tubing.  Scveral methods were considerced for providing water
to the wet-bulb wick, and it was decided to utilize a manually -filled reservoir
rather than an automatic type. This has reduced necessary preventive amd
corroctive maintenance in the dome.  The wet-bulb reservoir is manually
filled from the exterior of the dome.

Calibration Gas Supply Systcm

Calibration gascs are required on a daily basis for use with four
scparate instrumentation control or monitoring pancls as listed below:

CP-A4 - Domc Oxygen Monitoring and Control Pancl
CP-A5 - MOL. Monitoring and Control Pancl

CP-A2 - Apolic Monitoring Pancl

CP-Ab6 - Dome CO; Monitortng Pancl

e

izach console wnit requires a minimum of two gasces for zero and span cali
bration adjustment. A common supply system (figure 11) was designed o
serve cach console, reducing the number of gas cylinders stored in the facility
and, thercby, improving safety and housckeeping aspects in the dome arca,
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Nitrogen is used as the zero gas for environmental monitoring instruments
while the span gas is composed of 0.8, COa and 99. 2% oxygen. The Oz con-
tent of the span gas is used for calibration of paramagnetic oxygen partial
pressure analyzers and the CO; for calibration of nondispersive infrared CQ;
analyzers.

Cabin Materials Toxicity Screening Sysiem

The design for a closed-loop life support system to be used for exposure
of rodents to space cabin construction material gas-off products was described
in the previous annual report (reference 3). The fabrication of the system and
its installation in Dome | was cormnpleted during September of 1967, but it could
not be completely tested until the required new fire sprinkler system was com-
pleted. This life support system was sumilar to the design used for Apollo
space cabin materials testing, except that it allowed the use of mixed gas en-
vironments at reduced pressure. As oxygen was consumed for animal metab-
olism it was replaced by the opening of a two-way pressure relief valve to the
dome outer envelope operatng with a 100% O atmosphere. Inert gas losses
arc made up, if needed, from cylinder gas sitorage. Before actual use of the
new system began, a decision was made to install an atmosphiere bypass around
the lithium hydroxide CO. scrubber to allow animal ¢xposures in a COz-enriched
cavironment more similar to that surrounding an astronaut under flight con-
dittons. Ttus bypass, shown in the schematic flow diagram, figure 12, permits
90% of the air containing contaminants from the oven to reach the aniinal expo-
sure chamber without being altered in composition by the COz scrubbing material.
The possibility of using molecular sieve rather than lithium hydroxide for CO.
remm al was evaluated for use in the cabin material toxicity screering program.
it was determined that the volume of CO: and water vapor produced by metz b-
olisr for the number of experimental animals used in these exposures would
require replacement or vegeneration of the scrubber material approximately
four times daily, thus making it an impractical choice for this purpose.

Another modification was the addition of a thin teflon sheet bonded to
the pottom of the animal exposure chamber to improve removal of fecal waste.
In zddition, the flushing system was modified to permit periodic water flushing
from outside the Thomas Dome. The flushing has been conducted in subsequent
experiments at 4-hour intervals and has significantly improved the remova of
animal waste.

Pre conditioning Chambers

The preconationing chambers originaily located in the ambient laboratory
hau to be relocs.cd to make viay for building changes 1elated to the addition of
the four new Thomas Domes and additional support laboratory space. The cham-
bers were installed, in Building 429, with permanent waste drains and both air
supply and exhaust systems. They were returncd to service for animal precon-
ditioning in March of 1968.
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The gas blending valves originally installed on the Thomas Domes
were operated manually. During the past two years the increased number
of experiments conducted with twi-gas environments dictated the need for
automatic regulation of gas blenuing. Initial attempts at automatic control
were abandoned when it was noted that the atmospheric composition fluc-
tuated greatly around the desired setting.  An analysis of the problem re-
vealed the need for a smaller valve designed to operate at a flow rate close
to the normal dome flow. These valves have been installed on two domes,
successfully controlling the desired mixture within 1%. They allow less
cxcursion of gas composition and permit both significantly faster stabiliza-
tion and equilibration. The new valves will be instalied in the remaining
two domes when current experiments are completed.

TRAINING PROGRAMS

Prior to reactivation of the altitude facility of the THRU in December,
a training program was initiated to familia.1z¢ the chamber rechnicians and
shift cagincering technicians with new or revised standard operating pro-
codures. More important was their fa.ailiarization with the new emergency
opcrating procedures.  This training was a combination of didactic lectures,
wemonsgtrations and on-the-job exprrience.  Both written and practical exam -
inations were given to the parucipating wechnicians o measure the value of
the- training program.

An evaluation of the training program resulted 1n a master plan for
continyed training on a rulti-phasic basis. Phase I of the program was initi-
ated in February 1968, At this time a group of Air Force altitude chamber
rechnicians were inzluded in the program with SysteMed technicians. Again
the traming program included on-the-job expericace and a number of Air
Force techniciars became qualified to operate the Thomas Domes.

The compounents for a closed- circuit television system were received
1n January. These components included a video rcecorder, monitor, camera
and other accessories. The first session of the revised training program was
taped to investigate the usce of this cquipment in training programs. Subsequent
to the training session, a critique was conducted to evaluate the use of video-
taped lectures made under actual conditions. The taped lecture, while slightly
imperfect, was sufficiently useful that a decision was made to tape a serics of
lecrures for periodic reuse in refresher training or training of new employees.
The need was determined, however, for careful staging of the lectures to assdre
good quality taped training programs.




SECTION 111

RESEARCH PROGRAM

The nhalation toxicology research activities of the THRU were par
tally curtailed during the first half of the period covered in this report. The
Mmomas Domes were out of service until December 1967 when rcstricri;)ns
« the use of these chambers for experimentation with oxygen rich caviron-
swats were Bfted for the first modified dome.  Upon completion of the new
~otomatic fire oxtinguishing system in cach dome examination by representa-
i vos of the AMD Safety Committee resulted (n permission fmm'hcadquartcrs
*SU o use the chambers.

Althongh some rescarch was continued in the ambieat facility during
the precaeding period of dome tnactivity, the primary cfforts of the THRU &
stff were directed toward mecting the requirements for getting the domes
vaokoanto operation at the carliest possible time. )

Among the research experiments discussed only three bave beer. com-
pleted as of the reporning date. The remaining experiments are continuin
and will be described in more detail in ensuing reports. The mxxcu.) scrcgvm
1o studies of space cabin construction materials are conducted whenevere a
sufficient aumber of matrinals becomes available for testing.

Monomethylhydrazine

) The investigation of monomethylhydraziac (MMH) toxicity has bewn con-
tinued through the current reporting year.  Single inhalation exposures of four
animal species to MMH fur the determinating of L.Cx values (estimated for dogs)
were described 1 the previous annual report (reference 5). A consistent fing-
ing in the nonfatal exposurce of dogs to concentrations of MMIH at or near the i
approximate 1.C.; valuc was a transient hemolytic anemia characterized by a
significant decreasy in hematocrit, red blood cells, and hemoglobin which con-
tinuced for several days postexposure.  The destruction of red blood cells was
accompanied by an increase in numbers of reticulocytes during the perind of
maximum decline of hematocru levels.  The process of recovery was complete
within 30 days postexposury at which time normal values of the affected blood
paramcters were observed.  Small groups of Macaca mulatta monkeys were
cxposed to MMH to determine their response relative to the squirrel monkeys
previcusly exposed.  On the basis of results from I-hour exposure periods,
and n view of the finding that other specics have shown a rather prcdlctahl::
response to a CT (coacentration x time) gradient, Rhesus monkcys are appar -
ently more resistant to the acute effects of MMH than either the squirrel
monkey or the dog. One-hour exposures to concentrations at or above 170 ppm

of MMH proved lethal, whereas exposures ranging from 120 to 160 ppm did
not; this responsc would seem to place the Rhesus monkey between the rat
and the mousc in susceptibility to MMH.  An approximate one hour LCs Of
162 ppm MMH was determined for this species.

Exposures of Rhesus monkeys to maximal nonlethal concentrations of
MM have rather conclusively shown that the typical hematologic response
exhibited by dogs docs not ubtain for this subhuman primate; there is but
slight cvidence of the ancmia previously described for dogs. This finding
is in agreement with data from studies on the cficcts of injected monomethyl-
hydrazine (reference 9) wherein it has been shown that the monkey responds
but slightly insofar as erythrocyte hemolysis is concerned.

A group of three Rhesus monkeys were subjected to repeatcd inhalation
cxposures at a 160 ppm concentration of MMi{ at weekly intervals for four
weeks during which time the exposed animals appeared to be developing toler-
ance to its effects. Initial cxposures resulted in cmesis and convulsions which
were delayed and increasingly less severe in subscquent exposures. The test
animals were again cxposcd on the fifth week to an MMH concentraticn of 170
ppm, a 10 ppm increase, and at this time two additional Rhesus monkeys were
included in the exposurc group. The original three animals demonstrated only
mild CNS responses, but the two previously unexposed monkeys exhibited
severe CNS changes, including convulsions during which one animal died.
After a one-month rest pestod, two of the original group of three Rhesus mon-
keys received a sixth MM exposure; this time 10 a 180 ppm concentration,
again with only mild CNS responses. While conclusive evidence of MMI tol -
erance was not demonstratced, there is some cvidence that adaptation of these
monkeys had occurred.  Hematologic studies of thesc animals revealed mild
to moderate erythrocyte hemoiysis (approximately 10% reduction of RPC) with
rapid recovery.

The pathologic evaluation of tissues from animals exposed to lethal or
near lethal concentrations of MMH is not complete. However preliminary
information on dogs, rats, and squirrel monkeys can be summarized at this
time. A common finding in all species, following lethal exposures to MMH,
was pulmonary congestion with some hemorrhage, hepatic congestion of vary-
ing degree, and swelling of rhe renal tubular cpithelium which was frequently
glassine and eosinophilic in appearance. In large animals, whose brain tissues
were examined, subarachnoid hemorrhage was frequently observed. This
response was probably related to the severe convulsions observed, as was
the consistent finding in dogs of remarkably bloodless splcens in which the
sinusoids were virtually empty. In some cases, the splenic smooth muscle
bundles appeared thickened and contracted.




The amount of visceral congestion and hemorrhage observed was not
: sufficicnt to produce death and could only be a'tributed to CNS damage as
: previously reported by Jacobson et al (refereace 6). LCso VALUES OF FOUR SPECIES

In animals that survived near lethal exposures to MMH and were killed
over a period of approximately 60 days postexposure, the visceral congestion - T
was still apparent although not ag severe as in those animals that died during I LEGEND
; exposure. The most commoen and persistent finding, however, was renal 3 \ e R&
; damage which ranged from mild swelling of the tubular epithelium to vacuoliza- N (;——CI MO{JSE
tion and coagulative nccrosis of those cpithelial cells. 3 @@
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The primary purpose for the investigation and definition of MMH LCy . N r\ &——~& CURRENT EMERGENC
values was to form some basis for subsequent studies designed to assist in " ‘\\ N\ . EXPO!';TRE LM’IS:E&_S)
the interpretarion of emergency exposure limits (EEL) for man. The basic = 200N
philosophy pertaining to Short-Term Limits and Emergency Exposure Limits p O \1

: (EEL's) for inhalation of toxic substances has been frequently discussed by L \?\\ \
: others (references 1, 3, and 13) and will not be reiterated here. Very briefly, 100 < 2

however, the laiter term refers to a "single event” Limited exposure which is
not expected to incapacitate sufficiently to prevent escape. Such nn exposure
would be one where the occurrence was possible kut unpredictable, and where
an individual so exposed would not encounter the substance again until careful

<
NN
N

; study indicated either no injury, or in the event of injury a comp'ete recovery. : § \7 \
! Emergency inhalation exposures, therefore, are not to be associated with = \
acceptable concentrations in work environment atinosphere. g
AY
EEL's currently in use for MMH are 3, 7 and 10 ppm for 60, 30 and Y Pogam hoarTiAL \\ \
10 minutes, rcspectively. On the basis of animal response to acute MMH Y ';‘,%E{;?f’. &1?%‘ :;%g[! s v \
exposures, and in view of the purpose for recommendation of EEL's, it ap- 10 \‘ {SO. MONKEYS). AN

peared that higher values for MMH might have been warranted. Accordingly,
; some expcrimentation was necessary for clarification of this point, and the
rationale for such experimentation is given below.

\\3 b \
The plot of L.Cx's for each of four animal species tested is shown in

figure 13. Plots of MMH concentration versus time permit extrapolation of

the best fit lires through the respective LCx values and yield a theoretical

straight-line dose-response for each species. Thus, from a theoretical view-

point, two rodent species (rats and mice) exposed continuously to 3.5 - 5 ppm

of MM would exhibit a 507, lethal response following approximately one week

of exposure, whereas beagles and squirrel monkeys given this exposure would g -

show S50% response at approximately one day (24 hours). Preliminary experi- f WHR 2R 1HR  2HR 4HR  BHR

ments with Rhesus monkeys, however, indicated a response midway between

that shown for mice and rats. The squirrel monkeys, therefore, represent

the most susceptible spocies tested. !

MINUTES

It is well known that the plot of theoretical values cannot be considered
as a true dose-regponse relationsnip; the reactivity of MMH and the body de-
fense mechanisme undoubtedly negate such an empirical responge. Even so,
the straight-line plots shown in figure 13 should represent the maximum

. Figure 13. Acute Toxicity of Monomethylhydrazine
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possible response; in theory, as well as actuality, response can be expected
10 wane as the concentration decreases ovzr an increased period of time.

For example, the concentration x time (CT) concept will v ually hold true
within certain limits and then it invariably becomes less meaningful. Typically,
an agent which produces morbidity and death at 10 ppm in 1 hour (CT = 10) will
aleo produce an effect at 5 ppm for 2 hours (CT = 10), and perhaps even at 1
ppm for 10 hours (CT = 10); however, thc same agent inhaled in a concentra-
tion of 0.01 ppm for 1000 hours (CT = 10), or approximately 40 days, will
more often than not be innocuous because defense mechanisms "handle” the
material prior to preduction of biochemical lesions. There are exceptions

to the rule, of course, since some agents with an accumulative effcct may
ideally follow an empirical CT concept. Generally speaking, however, it is
safe to assume that protracted extensions of LCy plots (as secn in figure 12)
represent a theoretical response well above that actually observed.

In this context, then, experiments were designed to indicate the
validity of recommended EEL's for MMH. Current EEL's are shown as
point plots in figure 13. Note that a straight-line dose-time relationship has
not been recommended.  If this had been applied, however, the 10-mi.aute
EEL would have been set at approximately 30 ppm of MMH rather than the
currently suggested 10 ppm.

The MMH concentrations selected for EEL testing on the four selected
species (rat, mouse, beagle dog and Rhesus monkey) were based on a CT of
900 ppm minutes. This CT value was approximately 25% of maximum non-
lethal concentrations for the most susceptible species, the squirrel monkey,
and was also five times higher than the current EEL values adopted by the
NAS-NRC Advisory Center on Toxicology. The selected coacentrations were
15, 30, and 60 ppm MMH for single exposure pericds of 60, 30, and 15 minutes
respectively. Rodents and most dogs and monkeys were killedat 1, 3, and 7
days postexposure for necropsy information. A second grouping of two dogs
and two monkeys exposed to each MMH time -concentration group were used
for pre- and postexposure blood sampling. They were also kille-] 30 days
postexposure and tissue specimens submitted for histopathology to detcrmine
reversibility of injury should any such have occurred fraom the MMH exposures.

Smail roups of rodents, both rats and mice, were subjected to higher
time -concentration exposures; namely 150,75, and 40 ppm MMH for 15, 30,
and 60 minutes respectively.

No significant differences between MMH exposed and control rodents
were obgerved at any of the six selected EEL test concemtrations. This in-
cluded gross pathology and growth rates for both rats and mice as well ag
organ to body weight ratios,
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No effects on body weight were observed in either dogs or monkeys
exposed to three 900 ppm misutes MMH exposure systems. At necropsy
mild transitory changes were seen in both gpecies which isted of
congestion with slightly increased pigmentation of the renal cortex. These
changes had completely resolved by the 30-day sacrifice period. The results
of histopathologic evaluation of tissues from all exposed animals have not
been received at the time of this report bt will be discussed in a subsequent
geparate comprehensive technical repor: on MMI toxicity.

No clinical signs or symptoms of CNS changes could be observed in
any of the four animal species exposed to MMH in the EEL test series. There
was also no indication of reepiratory irritation as ha been displayed in MMH
concentrations near the LCy, range. A statistical review was conducted for
those biochemical determinations made on blood specimens taken from both
dogs and monkeys expos.ad to three concentration-time pericd combinations.
The results of the statistical evaluation of the data were consistent at all time
levels and in both species showing significant decreases in several of the blood
chemistry determinations, some of which appeared to be progressivg during
the postexposure period. Specifically, decreased values were found in serum
potassium, total inorganic phosphorus, bload urea nitrogen, M, and_
although not as consistent, a definite downward trend was observed in sodium
levels. ‘These changes were persisting at the time the experiment was termi-
nated and, consequently, a no-effect level had apparently not been teactxgd.
Before further experimentation with other MMH concentrations, an additional
experiment will be conducted with a slightly larger group of animals at one
previously tested concentration to recheck these findings.

Nitrogen Triflucride

Nitrogen trifivoride (NF) toxicity investigations were undertaken to
evaluate its acute toxicity to multiple species of an.mals. These studies are
not an end in themselves hut are conducted in preparation for further investi-
gations to define sintable NFs emergency exposure limits for man. The foximty
studies reported by Torkelson et al (reference 15) were used as the starting
point in the THRU invest: gatioms.

A gas chromatographic znalytical method fos monitoring NFs exposures
was developed which gave 95, confidence limits of 4 5% relative. The apalyt-
ical method uses silica gel for the substrate medium, helinm carrier gas, a
temperamre of 40 C and 2 mamal gas sampling valve to introduce a 4 mi sample.
Analyses can be performed every two mimtes, sufficient to cover a 15-minute
exposure. Technicians were trained to use Whe procedure and found it very
satisfactory in conzrolling NFa conocentrations in both large and small animal
exposures.

s



The preliminary results of the not yet completed current series of
animal exposures to high concentrations of NF; indicate a relatively constant
CT (concentration x timne) ratio for the four species tested with relatively
little difference between species in susceptibility to this strong oxidizing
compound.

During exposure to the near lethal concentration of NFs, all animals
showed signs of mucous membrane and respiratory irritation. Emesis,
prostration, and unconsciousness were also occasionally observed. Both
increased respiratory rates and tachycardia were observed in dogs and
Rhesus monkeys, and rectal temperatures of dogs decreased during thie ex-
posure period, persisting for approximately 5-hours after cessation of the
exposure. Severg temperature depression has been observed in some animals.
These animals generally did not survive the cxposure to NFa.

As previously reported by Torkelson (reference 15), the inhaled NFs
reacts with oxyhemoglobin to form methemoglobin. The accompanying anoxia
that resulted from low oxyhemoglobin levels was determined to be the cause
of death in fatal exposures. A spectrophotometric method of blood examina-
tion was developed which permitted the simultaneous detcrmination of blood
oxyhemoglobin, methemoglobin, and turbidity using one blood sample at pH
5.5 in an acetate buffer. The technique measures turbidity by absorbance at
720 my, methemoglobin at 630 m p and oxyhemoglobin at 577 my, the latter
two being calculated after subtraction of the effects due to the components
measured at longer wavelengths. Serial blood sampling of animals exposed
to nonfatal concentrations indicated that the NF> induced methemoblobin
persists in both dogs and monkeys for approximately 24 hours after exposure.
The ensuing disappearance of methemoglobin is not, however, accompanied
by a return of oxyhemoglobin to preexposure levels. A persistent serum
wrbidity is opserved which may be associated with Heinz body formation.
The oxyhemoglobin levels return to preexposure levels, along with the disap-
pearance of serum turbidity by the thirtieth postexposure day. Further investi-
gation of this phenomenon is being conducted concurrently with other studies.

Upon completion of a few remaining planned acutc exposures, to clarify
the LCs; determinations, there will be sufficient data available to design a study
for evaluation of NFs emergency cxposure limits.

Mixed Gas -Reduced Pressure Environments

An 8-month investigation on the effects of continuous cxposure to an
eavironment consisting of a 689, Og - 32% No gas mixturc at 5 psia pressure
iss curruntly being conducted. This investigation was undertaken to repeat a
previcus one in which one species, the dog, exhibited inverted A/G ratios
baginning during the third month of exposure and continuing until the experi-
men was completed. The purpose of the current investigation is to verify
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that the previously observed changes and trends were actually the result of
exposure to the mixed gas environmental conditions. Consequently, all dogs
selected both for the dome exposure and as controls had high normal A/G
ratios which had been measured repetitively during the preexposure period.

During the third month of exposure occasional test dogs demonstrated
inverted A/G ratios. These inversions of ratios have not repeated and after
five months of cont.nucus exposure there are no apparent differences between
the control and the exposed dogs. Exposed male rats, however, have exhibited
a depressed growth rate which has been significant at the 1% level. Thig trend
was scen in the previous experiment although it was not statistically signifi-
cant. The experiment is continuing.

Dome Exposure of Control Animals

The use of control animals housed in Thomas Domes had proven io %
unnecessary for short term or acute toxicity experiments but had not pre-
viously been investigated for long duration experiments. The period oi dome
inactivity, while experimentation with oxygen enriched environments was
curtailed, presented an opportunity to evaluate the effect of the inherent dome
operating conditions on control animals. The purpose of the investigation was
to determine whether animal rcom housed control animals were acceptable for
comparison with animals exposed to contaminants in the domes for prolonged
periods or whether it was necessary to house control animals in another dome
The dome environmental conditions different from those encountered in the
animal room were (1) reduced ventilation exchange rates, (2) elevated noivc
levels, (3) uniform temperature and relative humidity, (4) increased odor levels
and (5) housing *f four different animal species in close proximity.

The data resulting from this experiment ig currently under evaluation
for preparation of a separate technical report and for presentation at the 4th
Annual Conference on Atmospheric Contaminuiion in Confined Spaces. A
preliminary review of the data indicates the differences between the dome
housed rodents and their animal room controls were not great and the changet
observed in primates and dogs appeared to represent a possible trend toward
general improvement of health status. The clinical measurements increased
slightly from low "normal" ranges (references10and 11)to mid "nornal® ranges
and also became more stable.  The answer to the postulared quesiion, "Are
dome controls necessary?”, awaits final evaluation of the amarsed data.

Investigation of Harvest Technique on Organ Weights

The versatility of experimental toxicologic methodologies available in
Lhc"[‘H RU with altitude chambers as well as standard inhalation exposure
facilities has created a small quandary concerming the most suitable euthanasia
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haigue when animal organ weight data are to be collected and used as indices
of Mological stress. When snimals are individuaily housed and kept in ambient
pressure facilities, there are no serious probiems encountered in conducting
overnight fasting or other special treatment of selected animals before killing
them.  In the Thomas Domes, however, such special procedures are more
difficult to carry cut. This investigation was undertaken o determine whether
aspecial treat 2nt led w sufficiently increased data precision o merit its use.

For several years, pharmacologists and toxicologists have utilized
orgsn weight as & toud in determining the relative toxicity of variocus compounds.
The basic aswsumption underlying this approach concerns itself with the reaction
of tigsuxs to cheraical or drug insult. Subtle organ modifications may result
in mild edema or slight cellular proliferation. However, these subtle madifi-
caticne arc not always tastologically detectable but produce measurable changes
in total organ weight. If orgen weight modifications do occur, it is important
to be cortain that they a2re due to chemical insult and not to the sacrifice tech-
nique. The latter can easily mask changes induced by the experimental insult.
Highly vascularized orguns can display marked weight variations in response
to the influence of barbiturates because of blanching or engorgment of the
orgpn's vascular system. Also, organs associated with the digestive function,
such as the liver, may reflect weight changes resulting from presacrifice diet
habits. Therefore, it was decided o examine the effect of overnight fasting
versus feeding, and exsanguination versus barbiturate overdose on the organ
weight variation. A total of four combinarions of diet and euthanasia technique
were selected: exsanguinated-fasted, cxranguinated-fed, barbiturate overdosage-
fasted, barbiturate ovc.dosage-fed.

Sprague Dawicy strain, malc Charles River rats, 80-1060 grame, were
used in all phases of the experiment.  All rats were fed ad libitum, and caged
s0 as to allow fur uninhibited body growth. The experiment was carried cut in
two phascs:

Phase |

Rats were ranaomly grouped tato 40 sets of 7 rats cach, with 4 sets
killed each week for 10 wecks in one of the following manners:

1. Deprived of food for 12 hours and killed with Uthol*.

2. Fed ad libitum prior to cuthanasia with Uthol*.

3. Deprived of foud for 12 hours and killed by exsanguination.
4. Fed ad libitum prior to euth iabye guination.

All rats were weighed each week. Gross pathology and organ weights were
recorded for all animals submitted for necropsy.

*Trade Name

Phase 11

Fats were randomly grouped into 30 sets consisung of 10 rats each.
One set was killed cach weck untl all the groups had buen used. Animals
in this phase were fasted for 12 hours before euth by ¢ 131EA B

&

Uthol treatment was accomplished with an ndraperitoncal wjection.
Prior to exsanguination, rats werce anesthetized with an injection of pento-
barbital sodium. Exsanguination was accomplishied by cutting through the
femoral artery and vein bilaterally.

The evaluation of the data collected during this experiment is incom-
plete; however, tests of minimum error indicate that the rats that were fasted
overnight and cuthanized by exsanguinaticn gave results which were the most
uniform. The data evaluation will be completed in the ncar future and will
also be presented at the 4th Annual Conference on Aumospheric Contamination
in Confined Spaces.

Toxicity Screening-Space Cabin Materials

A continuing program of toxicity screening of space cabin construction
materials is conducted for both Air Force and NASA space flight systems.
As materials are reccived for screening, thoy are assembled into groups of
15 10 20 and prepared, if necessary, according to manufacturers directions.
‘The preparations include painting shellacs, varnishes, and other surface
coating materials on metal foil, and mixing and curing plastic polymer
formulations.

The prepared group of materials is placed in a vacuum oven which is
part of the closed loop life support system previuusly described (refercnce 5)
The oven is heated to 155 F at 5 psia aad then the breathiag atmosphere i
passed through the oven and introduced into the ammal cxpaosure portion of the
closed loop with the added gas - off products.

Three variations in the experimental protoco! followed 1n the scroecnng
procedure have becn introduced during the past year. Originally the cabin
materials placed in the oven were scaled in weight relative to the amaount used
in an actual space vehicle cabin.  The procedure followed for 7 -day exposures
was to usc 10 grams when less than one pound was 'a actual use and 160 grans
when usage exceeded one pound.  Since actual use quantitivs of the great var.oly
of matcrials needed was difficult to ascertan, the program was maodificd to
test 100 grams amounts of all materials uwed ' NASA flight system... For oU-
day experiments, a standard amaeat of 10 goo s of vacy, Citertal s used. The
decreased amounts used for 60-day experiments s 16 atlow larger »osihors
(up to {00 compounds) of materials "o b wsied.




The second change was to necropsy the experimental animals in two
groups at two and four weeks postexposure rather than at weekly intervals for
four periods. This change resulted in animal group sizes which werc more

useful for statistical evaluation of growth rates and organ to body weight ratios.

Finally, & bypass loop around the lithium hydroxide canister in the life
support system permicted operation at CO; concentrations more comparable
to actual space flight conditions. The bypass system also decreases the pos-
sibility of the test contaminant being adsorbed on the lithium hydroxide, there-
by reducing the concentration to which animals are exposed.

Since resumption of experimentation, four groups of materials have

been screened for toxicity. Groups I and II of cabin materials were investigated

in the newly constructed systems in Dome 1. Because this was the first test
run in this system, a replicate experiment was included in the test protocol.
During the first run some mortality occurred in mice exposed to Group U
materials, and some operational problems were also encountercd in the life
support system. The problems were corrected before the second run, and
during this run no diffcrences were observed between the animals exposed to
Groups I and 11 materials and their positive controls housed in the third life
support loop.

The investigation of potential toxicity of Groups N and O has not been
completed as of the time of this report.

Carboxy Nitroso Rubber

Carboxy nitroso rubber (CNR) is a synthetic polymer with rubber -like
propertics and has the added property of being noncombustible. Due to its
noacombustible property CNR was sclecred as a candidate material for usc in
spacecraft cabins as a replacement for combustible materiale with similar
propertics of softness and stretch.

Carboxy nitroso rubber was first submitted to the THRU for determina-
tion of flammability in 100%, oxygen and for chemical analysis of any pyrolysis
praducts formed. Insofar as can be determined from information supplicd by
the manufacturer, the formulation of CNR is.

Compound Formula Weight

Nitrosotrifluoromethane CF3sNO ?
CNR gum Perfluoroethylene CaF4 7 80
Perfluoronitrosobutyric acid HOOC(CF2)s NO 2
Silstone 110 (10% Silicone oil Si04 14. 4
coated silica) {Rz5i-Odn p 1o
Chromium trifluoroacetate CrOOCCF» 4

A portion of CNR was placed in a small chamber filled with oxygen at
ambient pressure. Ignition was attempted using a nichrome resistancc wire
heated to 800 C. No burning occurred; instead the wire melted through the
rubber releasing visible, acrid fumes.

One gram of CNR was pyrolyzed in a glass stoppered 250 m! flask filled
with 100% oxygen. The flask was slowly heated, using a low flame, until the
beginning of reaction, signalled by physical decomposition of the rubber into
a frothy gray powder and the evolution of dense white fumes. The reaction
continued spontancously for about a minute after initiation. It is estimated
that the temperaturce necessary to initiate pyrolysis was no higher than 300 C.

After cooling, the flask was connected 10 the batch inlet system of a
mass spectrometer, and a pressure of 100 millitorr allowed into the ¢xpaasion
volume. The sample was permitted to diffusc through the 16-hole molecular
Icak inlet, and mass spectra were recorded immediatcly and after 30 minutes.
Bocause different molecular sizes have different leak rates, it is often possible
to pinpoint differcnt compounds by the ratios of the initial peaks to the 1/2 hour
puaks. In addirion, the reaction flask was partially evacuated and the remain-
ing vapors recxpanded into the batch inlet sys.em. When this was done, most
of the peaks disappeared leaving major peaks at inass number 85 (with isotope
peaks at 86 and 87) and 44. Mass number 44 was identified as CQ2. Mass
numbers 85, 86, and 87 were attributed to silicon tetrafluoride (SiF,4) and con-
firmed by comparison with a literature spectrum of SiF, in the API tables as
shown in table il




Table 111
Comparison of Unknown Pyrolysis Spectrum with SiF,

Relative Akundance

Mass No. API SiF, Pyrolysis Spectrum
85 100 100
86 5.15 5.23
87 3.44 3.40
104 1.48 2.75

The peaks at mass numbers 86 and 87 are due to silicon isotopes 29 and 30 and
represent the abundance of these in nature.

) Table IV summarizes the results obtained on the samples allowed to
leak into the mass spectrometer from the batch inlet system for 30 minutes,
and lists the ratios of the initial to 1/?-hour peaks under the formulas of the
compounds assigned to these peaks.

Table IV
Identification of Pyrolysis “roducts Using Mass Spectrometer Leak Rate

Ratio of Initial Peak Height to 1/2 Hour Peak Lieight

Mass No. COF3 CF3NCO CFsCF = NF
47 2.47
64 1.96
66 2.82
69 2.95 2.95
92 1.75
111 1.81
114 1.90
133 1.90

it can be seen that the ratios are much higher for the peaks at mass numbers

47 and 66. This is to be expected for a low molecular weight compound which
will diffuse through the molecular leak much more rapidly than the larger com-
pounds. Mass number 69 shows a high rate of decrease with time because it '
is a fragment of both CFaNCO and CF>CF = NF and would diffuse through the
leak with both these compounds.

The pyrolysis products of CNR can, therefore, be summarized as in
table: V.

Table V
Pyrolysir Products of CNR Identificd by Mass Spectrometry

Carbon dioxide COs

Silicon tetrafluoride SiF,
Perfluoroethyleneimine CFsCF = NF
Carbonyl fluoride COF;
Trifluoromethyl isocyanate CFaNCO

These are listed in the approximate order of their concentration in the
pyrolyzate vapors, although no attempt was made to achieve quantitative esti-
mates. It must also be empliagized that these identifications are made solely
on the basis of mass spectrometric examination and cannot, therefore, be
regarded as unambiguous. However, formation of these compounds appears
to be plausible given the formulation of the carboxy nitroso rubber.

Infrared spectra were obtained on the rubber before and after pyrolysis.
The prepyrolysis spectrum was obtained using the multiple internal reflectance
accessory and the postpyrolysis spectrum by transmittance using a Nujol mull.
The main point of interest was the essential disappearance in the spectrum of
the pyrolyzed material of bands due to nitroso, carboxy and silica groups,
indicating that these had largely reacted and escaped in the vapor. Retained
were absorption bands due to C-F and CrO groups which indicated that the
chromium remained nonvolatile and that the pyrolysis residue was still highly
fluorinated.

One might cxpect a vapor consaining the substances listed in table V to
be irritating to the micous membrane and the whole respiratory system.  In
truth, one sniff of the pyrolyzate vapor did produ-e irritation of the nasal pas-
sages and bronchial tubes in one experimenter. In view of the observed irrita-
tive property of the CNR pyrolyzate, animal expcrimentation was conducted to
define the acute toxicity of the pyrolyzate.

Based on information that approximately 65 grams of CNR would be used
in a space cabin having a free volume of 8. 3 M® an inhalation exposure concen-
tration of 7. 65 mg/1 was selected for testing. A group of five rats was placed
in a thirty-liter chamber which was then purged with Oz until a 100 Oz envi-
ronment was achieved. A sample of CNR plac~d in a nichrome wire basket was
heated to 3C0 C at which temperature it pyrolyzed and dense white fumes filled
the static chamber in which the rats were caged. Four of the five rats died dur -
ing the 30-minute exposure period and the last wnimal expired timmediately upon
removal to ambient air.




[ring exposure the animals displayed signs of extreme pulmonary
cye irritation. Profuse lacrimation and sniffling was followed by prostration
during which diaphragmatic breathing was observed. Gross examination of the
tissues of the animals gshowed a uniform picmre of massive palmonary hemor-
rhage and edema.

A serics of experiments were conducted to find the "no-eff~ct” concen-
tration for albino rats cxposed to CNR pyrolysis products for 30-minute and
2-minute periods. During 30-minute exposurcs a concentration of CNR pyrol-
yzate as low as 0. 37 mg/1 produced in excess of 80%F, mortality. A concentra-
tion was ultimately reached, 0.20 mg CNR pyrolyzate/l, that did not result in

futalitics and further, produced vnly minimal signs of pulmonary and eye irrita-

tion. The lowest concentration producing mortality during 2-minute exposures
was determined to be 1,80 mg CNR/L. This value is less accurate than the
30 minute concentration value due to the inherent problems associated with
complete rermination of animal exposure in 2-minute duration experiments.

Inhalation exposure concentraticns selected for testing the “no-cffect”
level for 2-minute and 30-minute cxposures to CNR pyrolyzate were 0. 66 mg/1
and 0.2C mg/1 respecnively.  Twenty-five male rats were exposed to each con-
centration time period, during which only occasional animals displayed signs
of mild irritation such as blinking or sniffing. The exposed animals were
serially killed, as were both positive and animal room controls, over a 14-day
postexposyre period.  All animals were weighed at each necropsy period and
then their organs were weighed and submitted for histopathological evaluation.

At the time-concentrations tested the CNR pyrolyzate did not produce
any cffect on rat growth rate or upon organ to body weight ratios. There were
also no apparent gross pathologic difierences “xtween the cxposed groups of
rats and their sham cxposed or animal room controls. The histopathologic
cvaluation of the selected rissue specimens has, however, not been completed
as of this rcporting dare.

The observed toxic response to CNR pyrolyzare cannot readily be ex-
plained with respect to a specific causative agent. With the exception of
perfluorocthylenciming, none of the compounds identified in the CNR pyrot-
vzate, listed in table V, have been reported to be as highly toxic as was ob-
scrved. A preliminary scarch of the litcrature has not revealed any information
on the toxicity of perfluorecthylencimine. I a molecular weight of 160 is
assumed for the responsible agenr then a concentration of 450 ppm breathed
for a 2 -minute pericd is lethal and a concentration of less than 100 ppm nhaled
for a 30-minute period would prove fatal.  This highly toxic material would re-
present a scriaus hazard to housewives and to firefighters if it is found to have
domestic or commiercial apphication.

Planned Research

Rescarch plans for the ensuing {epo'n per'lod '-nclud‘e] lﬂ;: imo: :g
on-going research. Monomethylhyirazine mvcsnga.umti:n:st‘mm e
chronic toxicity experiments will be conducted. 'I‘h‘_esem ves i ons wll b
coordinated with other research groups so th.at m_an:;‘uki ormat % con,
omained, especially with respect to the examination dney functi
related histologic approaches.

Nitrogen trifluoride investigations wili e en':tended [+ inchxdeat?:e de-
finition of safe emergency exposure limi{s. A similar but ngereemm e o
oxidizing compound, CIFs, will be investigated and data wi
define emergeacy limits.

i of continuous exposure 1o
Further experiments on the ocular effeces o t
ethylene glycol will also be coudnctgd. ‘l:dour aggé::\:;s?cznwag ming:m
ilable for experimentation a ;‘Jro’ ) i v I
:fmrir::dfi)g\;%O- and 1000-day space flight missions will be investigated in
these chambers. .




10.

REFERENCES

AIHA Tosicology Committee, “Emergency Exposure Limits,” Amer.
Ind. Hys. Assoc. J.. 25, 578, 1964.

Bricf, o. S., R. 8. Ajemian and G. Confer, "Iron Pentacarbonyl:
Its Torcity, Detection, and Potential for Formation,” Amer. Ind.

Hyg. Assoc. |. 28, 21, 1967.

Committec on Toxicology, Basis for Establishing Emergency Exposure
Limit ; Applicabie to Military and Space Chemicals, National Acadcmy
of 8c:inces - National Research Council, Washington, D.C., 1964,

fost, F. N., D. J. Reed, and C. Il. Wang, Studies on Environmental
Pollution by Missilc Propellants, AMRL.-TR-68-85, February 1908,
Acrospace Medical Rescarch Laboratories, Wright-Patterson Air Force
Basc, Ohio.

Fairchild, U, E. J., Toxic Hazards Rescarch Unit Annual Technical
Report: 1967, AMRL-TR-67-137, December, 1967, Acrospace
ﬂegicai Rescarch Laboratories, Wright-Patterson Air Force Base,
Ohio.

Jacobsun, K. H., J. H. Clem, H. ]. Wheelright, W. E. Rinehar*, and
N. Mayers, "The Acutc Toxicity of the Vapors of Some Mcthylated
Hydrazine Derivities,” AMA Arch. Ind. Health, 12, 609, 1955.

macEwen, . D., Toxic Hazards Rescarch Unit Design and Construction
Phase, AMRL-TR-65-125, September, 1965, Aerospace Medical
Research Laboratories, Wright-Pattcrson Air Force Base, Ohio.

MacEwen, J. D., and R. P. Geckler, Toxic Hazards Resecarch Unit
Annual Technica! Report, AMRL-TR-66-177, December 1966,
Aerospace Medical Research Laboratories, Wright-Patterson Air
Force Base, Ohio.

Pinkerton, M. K., E. Hagen, ardK. C. Back, Distribution and
Excretion of **C - MMH, AMRL -TR-67-175, November, 1967,

Aerospace Medical Rescarch Laboratories, Wright-Patterson Air
Force Base, Ohio.

Robinson, F. R. and R. F. Ziegler, "Clinical Laboratory Valucs of
Beagle Dogs,™ Lab. Animal Care, 18, 39, 1968.

48

A A A D S T S S e A

12,

13.

14.

15.

Robingon, F. R. and R. F. Ziegler, "Clinical Laboratory Data
Derived from 102 Macaca Mulatta, " Lab. Animal Care, 18, 50
1968.

Saunders, R. A., "A Dangerous Closed Atmosphere Toxicant, Its
Source and Identity, " Proceedings, 3rd Annual Conference on
Atmospheric Contamination in Confined Spaces, 1967, AMRL-TR-

67-200, Aerospace Medical Research Laboratorics, Wright-Patterson
Air Force Base, Ohio.

Smyth, H. F., "Military and Space Short-Tcrm Inhalation Standards, "
Arch. Environ. Health, 12, 488, 1966.

Thomas, A. ‘A. , "Low Ambient Pressure Environments and Toxicity,”
AMA Arch. Environ. Health, 11, 316, 1968.

Torkelson, T. R., F. Oyen, S. E. Sadek and V. K. Rowe, "Prcliminary
Toxicologic Studies on Nitrogen Trifluoride, " Toxicol. and App.
Pharmacol. , 4, 770, 1962.

49




DOCUMENT CONTROL DATA . R&D

Secunty Classification

xev wamoe

Link a Ln R

Conm o

moLE

X uoLE =y

anLt

"

ran oF C1Hle. OBy ol ahetses s wind snde vimg mmstateses e e onbrod whees ohe wretall sepmrt In <imssrive 1y
P ONTIMA Py AR Five 1Y 1 erpavaie ausirory B MLPOMY SECUNITY CLATMEICA 1IDN
SysteMed Corporation UNCLASSIFIED
Overlock Branch, P. O. Box 3067 TarTTt
Liayton, Ohio 45431 . N/A

3 HAVORT TetL T

TOXIC HAZARDS RESEARCH UNIT ANNUAL TECHNICAL, REPORT: 1968

4 DKM #INTIVE NG £ ( Type o rogpors mond dneluntve datos]

Final Report, chc_mbcr 1967 - May 1968

AU THGHT (T Tral weme, owiddic imfial, (8ol name)

§. ). MacEwen and E. H. Vernot

& HEBGHY CATE 15 TOTAL NG OF PAGES 18 NG OF RE
October 1968 49
ST RA A RN TR [ 33018 6T (- 1025 %8 OMIGINATOR'S REFONT NUMPE R8T
s vnoscrno 6302 SysteMed Report No. W-68001
~ Task No. 630201 b, g;:'l':o:; PORT NOIST (Any uther numborn Giaf may be assigned
a. AMRL-TR-68-133

TSGR RIAG 10N ATATEMERT
This document has been approved for public release and sale;
its distribution is unlimited.

T SGRRCENENTARY NOTES T2 SRONSOMING MILITARY AT TIVITY
Aerospace Medical Research Laboratories,

Aerospace Medical Div., Air Force Systems
Col d, Wright~Patterson AFB, OH 45433

TTRGTTR AT
‘The activities of the Toxic Hazards Research Unit (THRU) for the period

of September 1967 through May 1968 are reviewed in this report. The experimental
rescarch program was partially curtailed during the first half of this period while
major medifications to the Thomas Domes of the Altitude Facility were being com-
pleted. The dome modifications, primarily for improved fire safety protection,
were required to be complete before experimentation in oxygen enriched environ-
ments could be resumed. Additional facilities for toxicity screening of space
cabin materials were placed in service and the evaluation of materials has been
continued with little evidence of toxicity exhibited by their gas-off products. One
cabin material, carboxy nitroso rubber (CNR), did exhibit toxic manifestations
and its acute toxic cifects were investigated in depth. The CNR pyrolysis products
formed at 300 C were found to be highly toxic and any human exposure to these
preducts should be guarded against. Acute toxicity cxperiments on monomethyl-
hydrazine and nitrogen trifluoride, including MMH emergency tolerance limits .
studies were conducted in the Ambient Facilities of the THRU. Investigations on
the use of sham expcsed dome controls and techniques for determining organ to
body weight ratios are reported.

DD 7.1473

Secunty Classification

Toxicology

Thomas Domes
Instrumentation
Medical Research
Atmosphere Monitoring
Srace Cabin Toxicology
Matcrials Testing

Securtty Classification




